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a love of music and early in their married life they bought a piano. This was an unusual instrument to find in a country home in those days and its pur chase must have meant a real sacrifice of some other need. However, many happy evenings were spent about this instrument, by the family and their friends, singing familiar songs. David's father had a particularly good tenor voice.
Biographical Memoirs Early life and education
In the nineties when David was born, rural Western Ontario retained many of the landmarks of the early settlers who had taken up Crown land in the fifties and early sixties. The log-house, built from hand-hewn logs cut from the virgin forests which covered the countryside, was still the common dwelling and David was born in one. Also common in those days were the zig-zag wooden rail fences which not only divided the farms from each other but also sub-divided each into smaller plots. The farm in those days offered many advantages for a young energetic growing boy. There were small duties assigned at an early age, and these duties were increased as he was capable of assuming them.
David Scott received his early education in the local public school. This school was about two miles from his home and as a small boy he walked there and back each day. In this typical country school all subjects were taught by one teacher up to the high school entrance level. When he had reached this level it was decided that he would now be of great assistance on the farm and accordingly he stopped school. It was the common practice among farmers that the eldest son should remain on the farm and help support the younger members of the family. Life on the farm was very strenuous and none knew it better than his parents. After three years of heavy manual labour they decided that David should receive more education and attend high school in near-by Kincardine. David's years in high school were very happy ones. He particularly liked the scientific and mathematical subjects. He indulged in and liked all sports. He excelled in soccer and was captain of the school team for two years. During his summer vacations he was much sought after by local soccer clubs.
Another talent he possessed and which gave him much pleasure in his early years was his love of good music. David first sang as a boy soprano in a local church choir. After his voice changed he became a baritone and sang in the Kincardine Church choir. In the last two years at high school he also joined a local mixed quartette. This group of singers not only performed in the town but also at many functions in the surrounding community. At college he sang in some of the better church choirs and finally joined the Mendelssohn. This was a mixed choir of about two hundred and fifty voices and was one of the better ones in North America. Each spring, after giving a series of concerts in Toronto, they would repeat their performance in several of the larger cities in the United States.
University and industry
David Scott entered the Honour Science Course at the University of Toronto in 1914. In his second year he chose chemistry and mineralogy as major subjects. In 1917 he interrupted his course at the University to become control chemist with the British Chemical Company. This was a large com pany devoted entirely to the production of explosives. Their main products were nitro-cellulose and tri-nitrotoluene. Scott was a chemist in the acid control laboratory. In the spring of 1918 he transferred to British Acetones in Toronto. The plant was under the direction of two British scientists, H. P. Speakman (fermentation) and D. A. Legg (engineering). Acetone was used in the preparation of cordite. Canada, and in particular British Acetones, made a great contribution to the war effort by supplying Great Britain with large quantities of this solvent. By 1918 large supplies of normal butyl alcohol had accumulated as a by-product from the acetone fermentation process, and Legg devised a procedure for converting it first into secondary butyl alcohol and then into methyl-ethyl-ketone. It was with this process that Scott was concerned.
When Scott returned to the University of Toronto in 1919 to complete the last year of his university course, he was approached by Professor F. B. Allan, secretary of the Chemistry Department, advising him that there would be an opening for a chemist the following spring in the Department of Pharmacology and if he was interested in this post he should take, in addition to his regular course, all the work that he could in biochemistry. Scott not only took the lectures in biochemistry with the medical students, but also an advanced course of lectures given to graduate students. In addition he spent some time in the laboratory trying to isolate amino acids from protein digests. As spring approached he was advised by Professor Allan that the necessary appropriation for the appointment in Pharmacology had not been made but that there was an opening for a research chemist with The Riordon Paper Mills Limited at Hawkesbury, Ontario. Scott accepted this position after graduating with first class honours in June 1920. In 1922 Scott obtained a M aster's degree at Toronto and a Doctorate in 1925.
It should be mentioned that during his college years Scott was greatly inspired and influenced by three of his professors. There was Professor W. Lash Miller whose brain was a very unusual mechanism. He had the ability, after hearing only a few words of a m an's sentence, to know its whole import. He was a brilliant scientist and was considered one of the 'seven most eminent physical chemists in the world'. There was Professor F. B. Allan, a man of great personal charm who gave his pupils a thorough knowledge of organic chemistry. There was Professor Andrew Hunter whose lectures in biochemistry were masterpieces, both for their clarity and for their superb manner of delivery. He also showed great dexterity and thoroughness in the performance of his experimental work. Scott always felt a deep sense of indebtedness to these three men.
At Riordon Paper Mills, Scott and the senior research chemist, G. H. Tomlinson, decided to investigate two main problems-the utilization of bark and the fermentable sugars in sulphite liquors. In the spring of 1921 this very large paper company was declared bankrupt. Because of some very promising results which Tomlinson and Scott were obtaining with a two-stage cooking process, it was decided that further work should be con ducted. Accordingly, arrangements were made with the Forest Products Laboratory, McGill University, to proceed with their investigations. They felt that, in the preparation of sulphite pulp by the regular process, nearly all the fermentable sugars were destroyed by the hours of cooking under pressure. If this process could be replaced by a two-stage cooking process in which the digestion of the wood was comparatively mild in the first stage, it was thought that its liquor might contain appreciable quantities of fermentable sugars which subsequently could be used for the production of alcohol. After about three months' work at these laboratories it was considered that the project looked sufficiently promising to try it out on a semi-commercial scale. The Laurentide Paper Company at Grand'Mere, Quebec, possessed such facili ties and these were made available. At the end of three months, although some interesting results were obtained, it was decided to discontinue the work and to investigate in more detail some of the associated problems. They had carried out their work during the summer at their own expense and their finances were now low. It might be mentioned here that Scott became interested in golf that summer (1921) and this interest remained with him for the rest of his life.
One of the problems that troubled Scott at that time was what would happen to dextrose if it was heated with calcium bisulphite under con ditions which were identical with those used in the preparation of sulphite pulp. Accordingly a studentship from the National Research Council of Canada was granted to him to explore this problem and facilities for carrying out this investigation were found at Queen's University, Kingston, Ontario. Although the results of this research were never published, they gave Scott great satisfaction. He was able to follow the decompositioM of dextrose during the digest and was also able to isolate some of the decomposition products. It gave him some confidence in carrying out independent research. While working on this problem in the spring of 1922 he received a telegram from the Connaught Laboratories, University of Toronto, inviting him to join Charles H. Best in the problem of preparing insulin for clinical use. Thus began a friendship with Dr Best which lasted throughout the years. The work on insulin presented him with a great scientific challenge which persisted until his retirement in 1961.
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Insulin and Connaught Laboratories
Connaught Laboratories in the University of Toronto was founded by D rJ. G. FitzGerald in 1914. It had as its object two main goals, (1) to advance medical knowledge through research, and (2) to prepare biological products of value for public health purposes.
It is difficult now to envisage the exact conditions as they existed in the University of Toronto in the spring of 1922. The impact of the discovery of insulin by two young scientists, Banting and Best, neither of whom had spent long years in research, was felt in all scientific institutions throughout the world. Their work was a stimulus particularly to young scientists such as Scott. In Toronto there were scientific visitors from many countries seeking information both in regard to the preparation and to the physiological action of the hormone. Among them in 1922 were two from Great Britain, Dr H. H. Dale, F.R.S. (later Sir Henry) and Dr H. W. Dudley, F.R.S., from the National Institute for Medical Research. In addition, great numbers of diabetic patients came to Toronto hospitals seeking treatment.
The first production of insulin after Scott's arrival in Toronto was conducted in the sub-basement of the Medical Building. It soon became evident, how ever, that the facilities here were quite inadequate to prepare the quantities of insulin that were necessary for clinical purposes, and a small building on the campus belonging to the Y.M.C.A. was acquired. In 1927 a new building to house the School of Hygiene and the Connaught Laboratories was erected and in it was installed a modern insulin laboratory. This laboratory, designed mainly by Scott, was still functioning when he retired in 1961.
Scott's main scientific interest was always insulin. When he digressed from this field of investigation it was generally with the view to gaining scientific information which he felt would assist him in solving some insulin problem. He remained during his lifetime keenly interested in the various methods used to purify the hormone.
M any of his early experiments sought to find insulin in sources other than pancreas and were carried out in collaboration with Dr Best. Research was conducted with animal tissues other than pancreas seeking possible sources of insulin. The action of proteolytic enzymes, particularly trypsin, on insulin was also investigated. These experiments showed that an inactive insulintrypsin complex was first formed and that as digestion proceeded the insulin was permanently destroyed.
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A year in London
In 1928 Scott was given a sabbatical year from Connaught Laboratories and chose to work in the laboratory of Professor C. R. Harington (later Sir Charles), University College Hospital, London. Although Professor J. J. Abel of Johns Hopkins University had crystallized insulin in 1926, his work was not universally accepted. Many investigators were unable to repeat his findings and some persons held the view that the crystals were protein or some other substance with the insulin merely adsorbed on them. The work of Harington and Scott definitely substantiated Abel's earlier work in that they were able, by a difficult method, to obtain crystals which were identical to those obtained by Abel. They used saponin in their crystallization medium and attributed the success of their method to two effects, (1) its power to inhibit precipitation and thus permit supersaturation, and (2) its power to sharpen the isoelectric points of the proteins in the mixture with the result that it became possible to precipitate the proteins in various fractions. Another very important part of this work was that it established the potency of insulin crystals at approximately 24 units per mg. Samples of insulin crystals prepared in Abel's laboratory were biologically assayed as were crystals prepared in Harington's laboratory. Four laboratories independently assayed these crystalline samples and all found them to have approximately the same potency. The disappointing feature of this year's work was, however, that the yields of crystals were generally very low-usually in the order of 15 per cent of the total unitage.
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Zjnc and insulin
In the summer of 1931 Scott obtained a sample of insulin that crystallized almost quantitatively from media containing phosphate buffer and a small amount of acetone. The crystallization could be carried out in gram lots from large beakers whereas crystallization had formerly been possible only in small centrifuge tubes. However, when another lot of insulin was prepared, it was not possible to crystallize it by any of the standard procedures. This observation suggested that there was something in the water, or glass, or impurities in the insulin itself which helped to promote the formation of insulin crystals. Substances in water and glass were first explored but nothing was found in them which would aid in the formation of insulin crystals. The literature was then searched for inorganic substances which might occur in the pancreas, and it was found that this gland contained quantities of zinc, nickel and cobalt. Scott found that when a small amount of zinc chloride was added to an insulin preparation which had previously resisted crystallization, the insulin would then crystallize-almost quantita tively. Nickel or cobalt would likewise aid in the formation of insulin crystals. Other inorganic materials or metals were sought which had the property of promoting the crystallization of insulin but only zinc, nickel, cobalt and cadmium were found to possess this property.
The work on zinc-insulin crystals made possible the preparation of crystalline insulin on a commercial scale, and today most insulin throughout the world is prepared in this form. The work on the crystallization of insulin led to a series of papers on insulin and zinc, chiefly in collaboration with A. M. Fisher. The ash content of the respective zinc, nickel, cobalt and cadmium insulin crystals was determined and a constant value was found for the respective metals. The ash content of each insulin salt was proportional to the atomic weight of the metal which it contained.
Using Scott's method, and under his direction, Dr A. F. Charles and Dr Fisher prepared the first crystalline international insulin standard.
In 1935 Dr H. C. Hagedorn of Gentofte, Denmark, and his associates showed that when a solution of protamine in sodium phosphate buffer was added to an insulin solution, an insoluble complex was formed at pH 7 which, when administered to diabetic patients, produced a prolonged hypoglycaemia. However, these preparations were not of uniform potency nor were they stable. Moreover particles of the insoluble physiologically active material tended to adhere to the sides of the glass containers. It was found that by the addition of a small amount of zinc to these preparations a uniform suspension could be obtained which did not possess the property of clumping or sticking to the glass vials. In respect of blood-sugar-lowering effect the product was stable and the degree of prolongation was much en hanced by the presence of zinc. This finding was the second very practical value of zinc in Scott's research studies of insulin. Another investigation in volving zinc and insulin that perhaps should be mentioned at this time relates to experiments with cats which had been fed a diet containing zinc salts over a period of fourteen weeks. It was found in these experiments that the amount of zinc per gram of pancreas and of liver increased 7 and 15 times respectively. In these animals the weights of the liver remained normal whereas the weights of the pancreas of the zinc-fed cats were only about half that found for the control group. Very marked fibrotic changes occurred in the pancreases of all the zinc-fed cats. The insulin content of the pancreas of the control and of the zinc-fed cats remained approximately the same. It was with a measure of disappointment that these observations were made because zinc seemed to be so closely concerned with insulin in some other respects.
Liver extract, heparin and other biologicals
In 1925, after Minot and M urphy demonstrated that extracts of liver were effective in the treatment of pernicious anaemia, Scott prepared the first extracts of liver to be used in Canada and made improvements in the method of preparation of the extracts.
In the early thirties Scott became interested in another biologically active substance, namely, heparin. In Toronto work on this substance was initiated by D r C. H. Best. It had been shown by McLean in 1916 that livers of dogs contained a substance that retarded the coagulation of blood. In this research Scott had as his associate Arthur F. Charles. They first devised a method for the preparation of this substance from beef liver. In their search for heparin in other tissues they found that beef lung was a much richer source than was liver. They observed that autolysis of the liver or lung tissue greatly increased the yields of heparin. Crystalline preparations of heparin were first produced by Scott and Charles in 1933. In 1936 the chemistry of heparin was further studied and its barium crystalline salt was prepared.
In 1941 Scott and J. R. Mendive of Buenos Aires became interested in carbonic anhydrase-an enzyme discovered in red blood cells by Meldrum and Roughton. It had been shown by Keilen and Mann that this enzyme was a zinc protein. Other workers reported that the enzyme occurs in the pancreas. These facts particularly interested Scott because of his previous work with zinc and insulin in the pancreas. At that time there were available in the laboratory large quantities of human red blood cells arising from the preparation of dried blood serum for treatment of shock in war casualties. Scott felt that the enzyme might find a use in some phase of the war effort. From the chemical studies on this enzyme two main advances were made. In the first place very dilute solutions of a highly purified preparation of the enzyme were unstable. Since the method of assay involved such dilute solutions, this was an important observation. Secondly, they obtained crystalline preparations of the enzyme with ammonia and with other basic substances. When these crystalline preparations were dried the enzyme lost its biological activity. Considerable work on the physiological properties of the enzyme was conducted in collaboration with the Department of Physiology. Normal animals and shocked dogs were used but the results were not promising. One difficulty was that the enzyme was very readily excreted in the urine of the test animals.
In 1946 Scott decided to investigate the hormones of the posterior pituitary. His main reason for undertaking this study was that since these substances were much less complex than the insulin protein, he felt that by studying them he might gain much valuable information that could be applied to the work on insulin. Moreover, these hormones presented a challenge since they had not yet been isolated in pure form. Although Scott never published his findings, he did make progress. He devised a new method for preparing the hormones, the chief features of which were the precipitation of impurities from the extract with trichloracetic acid and with basic lead acetate. Scott obtained oxytocic preparations which had potencies of 500 units per mg which migrated in the Tiselius apparatus as if they were a pure substance, and which gave needle-like crystals when prepared as the oxalate.
Because of some interesting and unexplained results which Scott obtained while working on the pituitary hormone he decided in 1950 to return to work on insulin. Since his work with Harington in 1928 he was convinced that insulin contained a prosthetic group, probably similar to that of thyroxin. He was particularly impressed by the work of those investigators who showed that thyroxin combined with such serum proteins as prealbumin and glucoprotein. He made innumerable inactive extracts of pancreas and of digests of insulin, and tried to combine them with blood serum or with various frac tions of blood hoping to obtain a substance that possessed the physiological properties of insulin. In certain experiments he did obtain very promising results but he was never able to repeat these experiments at will. There always seemed to be something which eluded him.
In 1954 Scott employed a young chemist, Dr O. Smithies, to conduct some work for him on insulin and the pituitary hormones using paper electro phoresis. This scientist developed the starch-gel method of electrophoresis and his work on the serum proteins and particularly on the haptoglobins is well known. His work was always a great joy to Scott.
D avid Alymer Scott
Personal characteristics
David Scott was well built, with snow white hair and a ruddy complexion. His robust appearance in the prime of life suggested that he could have become an outstanding athlete. He wrote with his left hand but in most operations he was ambidextrous. He was an inveterate pipe smoker. The spirit of the Scottish community in which he was brought up penetrated deeply into his life and became for him a highly prized heritage. Although he grew up in a strictly religious atmosphere, he found himself unable to follow the teachings of his parents. He viewed religious convictions with open detachment. He was out of sympathy with orthodox religious beliefs and to him immortality was the continuity of life through his children and through his research.
Although he spent practically all his life in the University, lecturing was not his forte. He did not like public speaking, and when he had to do so, one often noticed a feeling of strain and tenseness which was unlike his usual relaxed and carefree manner. Having to speak at a banquet or social function was an ordeal for him and he would complain that at such functions he could enjoy neither the food nor the wine.
Scott was one of those individuals who was perfectly happy to live and work in a research laboratory. He was offered the Chair of Biochemistry at Queen's University, Kingston, but did not feel that he wished to undertake the administrative duties involved in running a department. He had offers to enter the commercial field, which he declined. Quiet and retiring, he enjoyed the sheltered environment of a research institute and he particularly loved his own laboratory which he designed in 1927. He acted as Assistant Director of the Connaught Laboratories from 1927-35, but the administrative responsi bilities of this post troubled him, and he was appointed Research Member, a title which he held until his retirement in 1961. In this post he spent his days almost without interruption at his laboratory bench. He served for many years as Chairman of the Library Committee of the Laboratories and always found time each day to visit the library in order to keep abreast of the scientific literature.
Scott belonged to a generation that grew up in a period when biochemistry was a glorious adventure. He always gave unstinted help and encouragement to all those who sought help from him. He was particularly considerate of those younger members of his staff who were associated with him in any research project. He always sought to give them full credit for any advances in science that they made.
He was a man of retiring disposition, modest and simple in his tastes and habits, and straightforward in his dealings and in his ways of thinking. He had very firm convictions about right and wrong and was very sensitive when he felt a slight injustice had been done him. He rarely attended large scientific meetings. When he was with friends, however, his shyness largely disappeared and he would talk freely, especially when the conversation turned to golf or to work in which he was interested. He realized that he was fortunate in his parents and that he owed much to them in body, mind and spirit. Although he had many friends there were a few whom he worshipped as heroes, such as the discoverers of insulin.
On 4 October 1928, he married Bertha C. Herington and they went to London, England for a year. They were very happily married and had two daughters, Beverley Joan (Mrs W. A. Moorhead) and Jocelyn Ann (Mrs C. G. Fullerton, Jr.). They had five grandchildren: Susan Jane Moorhead, David James Fullerton, Peter Craig Fullerton, Kathryn Anne Fullerton and Edward Scott Fullerton.
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Honours 'Scotty'-the friendly name by which he was known around the Labora tories-was not a man to seek honours. Nevertheless he had many, the most highly treasured being his election as 'To review briefly the career which has earned so many honours we may start with his appointment in July 1922 to the staff of the Connaught Laboratories in order to assist Charles Best in developing the production of Insulin on a scale sufficient to meet the soaring demands for the new life-saving medication. For several years the needs of production took precedence over fundamental studies on the nature of Insulin. It is not easy now to comprehend fully the puzzled speculations and contradictions of those years before the chemistry and properties of Insulin were well understood but they were frustrating. It was not until 1928 that a year of respite for fundamental research was provided. Then in the laboratory of Sir Charles Harington in London Dr Scott was able to study inten sively the problem of producing Insulin consistently in crystalline form. Some success was achieved in that year but it was not until several years later that Dr Scott found the real key to successful crystallization of Insulin. T hat consisted of the addition of small amounts of zinc or nickel, or cobalt or cadmium to the solutions of Insulin. Nearly all preparations of Insulin are now made from crystalline zinc Insulin.
'Resulting directly from this major achievement Dr Scott in later studies with Dr A. M. Fisher contributed to the introduction of the family of Insulin preparations with prolonged action which require fewer injections by the patient.
'Another contribution which added to Dr Scott's fame as a scientist was his development with Dr A. F. Charles of a practical method of preparing heparin, an anticoagulant very widely used today by both physicians and surgeons.
'Another accomplishment in which zinc figured again was the characterization of an im portant enzyme, carbonic anhydrase, which is essential for the elimination of carbon dioxide from the body.
'M adam Chancellor, on this occasion, which celebrates the fiftieth anniversary of the discovery of Insulin it is most fitting to honour once more a major participant in the epic events so worthy of remembrance, by conferring on him the degree of Doctor of Laws, honoris causa. October 26, 1971.' Dr Scott was a member of several scientific societies in addition to those already mentioned. He was a charter member of the Toronto Biochemical Society and of the Canadian Physiological Society. In 1935 he was elected to membership in the American Society of Biological Chemists. He was also a member of the Biochemical Society. He belonged to the York Club and the York Downs Golf and Country Club, both of Toronto, the Faculty Union of the University of Toronto and the Masonic Order.
David Scott's brilliant example inspired and stimulated his colleagues and friends in many countries.
David Scott was a great scientist and one of our closest friends and most respected colleagues. This account of his life follows closely one which he prepared during his lifetime.
The photograph is by Jean Gayfort Merrill, Toronto.
C h a rles H. Best 
PATENTS
The following patents all concern insulin and all were assigned to The Governors of the University of Toronto.
